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TRANSMISSION POWER CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

This application claims benefit of Japanese Patent 

Application No. 2002-364577 filed on December 17, 2002, the 

contents of which are incorporated by the reference. 

The present invention relates to transmission power 
control systems and, more particularly, to outer loop 
transmission power control systems in mobile wireless 
communication in W-CDMA (Wideband Code Division Multi Access) 
system. 

In outer loop transmission power control in the W-CDMA 
system, a mobile station (or a base station) measures such 
communication quality as BLER (block error ratio) and BER (bit 
error ratio), and controls desired SIR (desired signal power 
versus noise power ratio) from the comparison result of the 
communication quality with the desired comnuinication quality. 
It is thus possible to indirectly control the transmission power 
of the base station and obtain desired communication quality. 
However, when only the comparison of the communication quality 
is used as the basis of decision, it may become impossible to 
obtain proper desired SIR control when the transmission power 
of the base station settles to the maximum or minimum. 

Specifically, in the W-CDMA system all the channels may 
use the same frequency, and interferences from other 
communication channels may arise. The extent of interference 
constitutes a main cause of determining the line capacity, and 
it is preferred in view of the line capacity to make the 
transmission power of the base station as low as possible. In 
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the meantime, the communication quality in a mobile unit is 
dependent on the received SIR. In other words, by increasing 
the transmission power of the base station, the received SIR 
is increased, thereby improve the communication quality. It 

5 is thus necessary to satisfy the communication quality necessary 
for services to be utilized and preset the optimum transmission 
power to minimum transmission power. 

In the case of wireless communication, unlike the case 
of wired communication, changes in the ambient environment or 

10 movement of the mobile station (or mobile unit) causes changes 
in the transmission power of the base station that is necessary 
for obtaining a constant received SIR. Also, the received SIR 
necessary for obtaining a constant communication quality is 
, changed. 

15 With the above affairs taken into considerations, in the 

W-CDMAsystemthe transmission power control system is prescribed 
such that the line capacity and the coiranunication quality can 
be optimized. The transmission power control is carried out 
in two stages. In one method, the desir:ed SIR is preset, and 

20 a transmission power control signal is sent out to the base 
station to make the received SIR to be the desired SIR (inner 
loop transmission power control). The base station controls 
the transmission power based on the received control signal. 
The operation will now be briefly described. 

25 In the case of (received SIR) < (desired SIR): a 

transmission power increase request control signal is sent out. 

In the case of (received SIR) > (desired SIR): a 
transmission power of reduction request control signal is sent 
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out. 

In another method, the communication quality is measured 
at a constant time interval, and the desired SIR is controlled 
based on the comparison result with the desired communication 
5 quality ( outer loop transmission power control ) . The operation 
will now be briefly described hereinafter. 

In the case when the measured communication quality is 
inferior to the desired communication quality: the desired SIR 
is increased. 

10 In the case when the measured communication quality is 

superior to the desired communication quality: the desired SIR 
is reduced. 

Generally, the outer loop transmission power control is 
slow in the control speed compared to the inner loop transmission 
15 power control. This is so because the communication quality 
measurement requires more time than the case of the SIR 
measurement . 

General techniques concerning the transmission power 
control method, apparatus and system in such wireless 

20 communication are disclosed in various literatures ( for instance , 
see Literature 1: Japanese patent laid-open No. 2002-185398 
and Literature 2: WO97/50197). 

Problems in the prior art will be described with reference 
to Figs. 5 and 6. In these Figures 5 and 6, the abscissa is 

25 taken for time, and the ordinate is taken for base station 
transmission power (see (A)), SIR (see (B)) and BLER (C)) 
overlapped one over another in the mentioned order. As shown 
in (A), the base station carries out the transmission power 
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control based on a control signal sent out from a nuDbile unit. 
However, the maximum and minimum levels of transmission power 
are preset. In the case when the communication quality is 
inferior to the desired communication quality while the base 
5 station transmission power ismaximum^ by controlling the desired 
SIR based on the sole communication quality as in the prior 
art the desired SIR is increased due to the inferior communication 
quality. 

Meanwhile, since the base station transmission power is 

10 maximum, the received SIR is brought to a state without follow-up 
of the desired SIR (state A in Fig. 5) . When the communication 
environment is suddenly improved from the state A, that is, 
when an environment appears that the desired communication 
quality is obtainable even with a lower base station transmission 

15 power level than the maximum level. The received SIR follows 
up the desired SIR at the high level (state B in Fig. 5). 
Subsequently, owing to the large received SIR the satisfactory 
communication quality state is continued, and the desired SIR 
is gradually reduced ( state C in Fig. 5 ) . Finally, the received 

20 SIR is settled in the proper desired SIR (state D in Fig. 5). 
In the above process, the excessive transmission power state 
is continued for time E, leading to a long time until the received 
SIR is converged to the proper desired SIR, which is undesired 
in view of the line capacity. This problem stems from the fact 

25 that because of the maximum base station transmission power 
level, despite no increase of the received SIR, the desired 
SIR is increased with the sole communication quality as the 
reference of decision. 
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In the converse case when the communication quality is 
superior to the desired communication quality although the base 
station transmission power is minimum in level, the desired 
SIR is reduced owing to the satisfactory communication quality. 
5 On the other hand , the received SIR does not follow up the desired 
SIR because of the minimum base station transmission power level 
(state A in Fig. 6). When the communication environment is 
suddenly deteriorated from the state A, that^ is, when an 
environment is brought about that the communication quality 
10 is inferior or the communication can not be maintained with 
the minimum base station transmission power level, the received 
SIR is suddenly reduced by following up the desired SIR (state 
B in Fig. 6). Subsequently, due to low received SIR the 
communication quality is deteriorated to result in increase 
15 of the desired SIR and the received SIR (state C in Fig. 6). 
Finally, the received SIR is settled in the proper desired SIR 
( state D in Fig . 6 ) . 

A problem that is encountered in this cir exams tances is 
the reduction of SIR in the state B. The desired SIR increase 
20 control is made after decision that the communication quality 
is inferior, and it is thus lower in speed than that speed of 
follow-up of the desired SIR by the received SIR. Therefore, 
it is possible that the communication quality is deteriorated 
to break the communication before increasing the desired SIR 
25 by deciding that the communication quality is inferior. This 
occurs due to the fact that in the state A in Fig. 6 the desired 
SIR is received despite the failure of follow-up of the desired 
SIR by the received SIR. 
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SUMMARY OF THE INVENTION 

The present invention was made in view of the above problems 
inherent in the prior art, and it has an object of providing 
a transmission power control system capable of quick and smooth 
5 cope with the occurrence of a change in the communication 
environment in the wireless communication in a W-CDMA system 
or the like between the base station and the mobile station. 

According to an aspect of the present invention, there 
is provided a transmission power control system for controlling , 
10 at the time of wireless communication between the base station 
andamobile station, the transmission power from the base station 
to the mobile station to the optimum value by using the desired 
SIR (desired signal power versus noise power ratio), wherein: 
the desired SIR is preset on the basis of the communication 
15 quality of the communication and the degree of follow-up of 
the received SIR from the desired SIR. 

The degree of follow-up of the desired SIR by the received 
SIR is decided by the absolute value of the difference between 
the desired SIR and the received SIR. The degree of follow-up 
20 of the desired SIR by the received SIR is decided by the time 
integral of the absolute value of difference between the desired 
SIR and the measured value of the received SIR. The absolute 
value of the difference between the desired value and the measured 
value is coit5>ared with a predetermined threshold, and the desired 
25 SIR is increased or reduced based on the result of the comparison . 
The desired SIR value is stored, and the newly preset desired 
SIR value is also stored in the memory. The desired SIR is 
controlled by the desired SIR controller by reading out the 
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desired communication quality value from a demodulator, reading 
out the desired communication quality value from a communication 
quality measuring part, reading out the measured SIR value from 
an SIR measuring unit from a memory, and reading out the measured 
5 SIR value from the SIR measuring part. The wireless 

communication between the base station and the mobile station 
is a wireless communication system such as W-CDMA system using 
outer loop transmission power control. 

According to another aspect of the present invention, 
10 there is provided a transmission power control systemcomprising : 
a communication quality measuring part for measures parameters 
representing the communication quality such as BER and BLER; 
an SIR measuring part for measures the SIR of the received signal ; 
a demodulating part for demodulating various data from their 
15 received signals; a desired SIR control part for determining 
a desired SIR value based on the desired value and measured 
value of the communication quality and the desired value and 
measured value of SIR. 

Other objects and features will be clarified from the 
20 following description with reference to attached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the arrangement of a 
preferred embodiment of the transmission power control system 
according to the present invention; 
25 Fig. 2 is a view for explaining the desired SIR control 

system according to an embodiment of the present invention; 

Fig. 3 is a view for explaining the operation where the 
communication quality is superior according to the present 



7 



invention; 

Fig, 4 is a view for explaining the operation where the 
coiranunication quality is inferior according to the present 
invention; 

Fig. 5 is a view for explaining the operation where the 
communication quality is superior according to the prior art 
technique; and 

Fig. 6 is a view for explaining the operation where the 
communication quality is inferior according to the prior art 
technique . 

PREFERRED EMBODIMENTS OF THE INVENTION 

Preferred embodiments of the present invention will now 
be described with reference to the drawings. 

Fig. 1 is a block diagram showing the arrangement of a 
preferred embodiment of the trainsmission power control system 
according to the present invention. A transmission power 
control part 10 includes a communication quality measuring part 
11, an SIR measuring part 12, a demodulating part 13, a desired 
SIR control part 14 and a memory 15. 

The main functions of the constituent parts 11 to 15 of 
the transmission power control system 10 shown in Fig. 1 will 
now be described. The communication quality measuring part 11 
measures parameters representing the communication quality such 
as BER and BLER. The SIR measuring part 12 measures the SIR 
of the received signal. The demodulator 13 demodulates various 
data from their received signals. The data obtained by the 
demodulation contains the desired value of the communication 
quality. In the memory 15, the desired value of SIR is stored. 
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The desired SIR control part 14 reads out the desired value 
and measured value of the communication quality and the desired 
value and measured value of SIR from the respective parts, and 
computes the desired SIR value . The calculated values are stored 

5 in the memory 15. 

NOW, the operation of the entire transmission power 
control system according to the present invention will be 
described with reference to Figs. Iand2. The desired SIR control 
part 14 reads out the desired value of the communication quality 
10 from the demodulating part 13 (step SI in Fig. 1), reads out 
the measured value of the communication quality from, the 
communication quality measuring part 11 (step S2 in Fig. 1), 
reads out the desired value of SIR from the memory 15 (step 
S3 in Fig. 1), reads out the measured value of SIR from the 
15 SIR measuring part 12 (step S4 in Fig. 1), and controls the 
desired SIR from the result of comparison of the read-out desired 
value and measured value of the communication quality and the 
degree of follow-up of the desired SIR by the received SIR (see 
step S5 in Fig. 1 and Fig. 2). As for the comparison of the 
20 desired value and measured value of the communication quality, 
it is possible to use, for the decision, various parameters 
such as CRC-NG number (recurrence redundancy check) and the 
like in addition to the BLER and BER for a predetermined period 
of time, the HLER and BER at the time of reception of a constant 
25 quantity of data , and no prescription is given here . The degree 
of follow-up of the desired SIR by the received SIR is preset 
to 

I (desiredSIR) - (measuredSIR) I . The smaller this value. 
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the follow-up degree is the larger. 

By using these two decision references , i • e . , "comparison 
of the desired value and measured value of the communication 
quality" and "degree of follow-up of desired SIR by received 
5 SIR" ^ the following desired SIR control conditions are prescribed 
as follows. 

(Increase of desired SIR) 
Communication quantity : Measured value is inferior to Desired 

value n SIR: | (desired value) - (measured value) \ < a ... 
10 (equation X) 

(here a being a predetermined threshold) 
(Reduction of desired SIR) 
Communication quality : Measured value is superior to desired 

value n SIR: [(desired value) - (measured value)] < a ... 
15 (equation Y) 

In the present invention , a process of changing the desired 
SIR is executed when and only when the degree of follow-up of 
the desired SIR by the received SIR is above the threshold a 
in the (equation X) . Thus, when the transmission power of the 

20 base station is settled to the maximum or minimum level, the 
conditions of the equations X and Y are not satisfied, so that 
the control of the desired SIR is not made. 

Now, how improvement of the problems described before 
in connection with Figs. 5 and 6 by the control according to 

25 the present invention, will be described with reference to Figs . 
3 and 4 which correspond to Figs. 5 and 6, respectively, noted 
above . In the case when the communication quality is inferior 
to the desired communication quality and the base station 
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transmission power is the maximum, the received SIR does not 
follow up the desired SIR. At this time, the desired SIR is 
not increased even when the communication quality is inferior 
to the desired communication quality (state A in Fig. 3) . When 
5 the communication environment is suddenly improved, it is 
possible for the received SIR to follow up the desired SIR ( state 
B in Fig. 3). Subsequently, the received SIR is converged to 
desired SIR which fits the desired communication quality (state 
C in Fig. 3). In the present invention, since the increase of 
10 the desired SIR can be suppressed in the state A, the received 
SIR is quickly converged to the desired SIR fitting the desired 
communication quality. 

In themeantime , in the casewhen the communication quality 
is superior to the desired communication quality with the base 
15 station transmission power at the minimtim level, the received 
SIR does not follow up the desired SIR . At this time , the desired 
SIR is not reduced even when the communication quality is superior 
to the desired communication quality ( state A in Fig. 4 ) . When 
the communication environment is suddenly deteriorated from 
20 this state, the received SIR follows up the desired SIR (state 
B in Fig. 4) . Subsequently, the received SIR is converged to 
the desired SIR fitting the desired communication quality ( state 
C in Fig. 4) . In the state A the desired SIR does not become 
lower than the received SIR - a, and it is thus possible to 
25 suppress the change in the received SIR in the state B irrespective 
of communication environment deterioration. Thus, it is 
possible to improve the phenomenon of communication quality 
deterioration or communication breakage. 
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other embodiments or modifications of the above 
embodiment of the present invention will now be described. While 
in the above embodiment the absolute value of the difference 
between the desired SIR and the received SIR, i • e . , instantaneous 
value, is used as the degree of follow-up of the desired SIR 
by the received SIR, it is also possible to use the time integral 
of the difference between the desired SIR and the received SIR, 
i.e., 

S I (desired SIR) - (received SIR) |dt or like formula. 
As for the comparison of the desired value and measured value 
of the communication quality, it is possible to use, for the 
decision purpose, CRC-NG number or the like in addition to the 
BLER and BER for a constant time and the BLER and BER at the 

time of reception of a constant quantity of data. Further, the 

C 

above embodiment dealt with the mobile station side outer loop 
transmission power control, the present invention is also 
applicable to the base station outer loop power control . Further , 
the present invention is not limited to the W-CDMA system, and 
is also applicable to other systems as long as outer loop 
transmission power control is used. 

Changes in construction will occur to those skilled in 
the art and various apparently different modifications and 
embodiments may be made without departing from the scope of 
the present invention. The matter set forth in the foregoing 
description and accompanying drawings is offered by way of 
illustration only. It is therefore intended that the foregoing 
description be regarded as illustrative rather than limiting. 

As has been made obvious in the foregoing, with the 
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transmission power control system according to the present 
invention, the following pronounced practical effect is 
obtainable. In the outer loop transmission power control, by 
making the desired SIR control with the sole communication 
quality used as decision reference as in the prior art, it may 
occur a case that the proper desired SIR control can not be 
obtained at the time of the settling of the base station 
transmission power to the maximumor minimum level . In contrast , 
with the transmission power control system according to the 
present invention, by taking into considerations, for decision, 
not only the communication quality of the desired SIR control 
but also the degree of follow-up of the desired SIRby the received 
SIR (measured value ) , it is poss ible to quickly preset the optimum 
transmission power and improve the problems in the prior art. 
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